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Summary 
Studies were carryed on regarding the effect of paraquat , (1,1' - -dimethyl — 4,4'-bipiridilium) 
CuSO, and ZnCl j on the proteolitic enzyme activity of fishes with different nutritional habits. 
Paraquat , CuSO, have strongly decreased the proteolitic enzyme activity in all investigated fish 
species (carp, silver carp and wells). 
ZnCI2 did not change significantly the enzyme activity. According to our results paraquat and 
CuSO, damaged seriously the normal activity of proteolitic enzymes even at low concentration, so 
they might have adverse effect on the developing and growth of fishes. Therefore the using up of 
these chemicals should be restricted to that fields of agriculture which can be found far f rom the lakes 
and rivers. 
Introduction 
During the last two decades the widespread use of pesticides in agriculture has 
increased. These chemicals through the rain are getting into the natural waters, where 
they are rapidly accumulated in different organisms living in water, especially in 
fishes. The effect of several antropogenic agents on the physiological and biochemical 
processes of fishes are for a long time investigated. These research works were mainly 
focused on the demonstration of damage of nervous system ( S C H R E C K et al., 1 9 7 8 , 
N A K O N O and T O M L I N S O N , 1 9 6 7 ) liver, kidney and gills ( B E L L , 1 9 6 8 ; R E I C H E N B A C H -
K L I N K E , 1 9 7 2 ) . Several authors has already published papers about the digestive en-
zymes of fishes ( K A W A I and I K E D A 1 9 7 1 , 1 9 7 2 , 1 9 7 3 ; K I T A M I K A D O and T A C H I N O , 
1 9 6 0 ; N A G O S E , 1 9 6 4 , ONiSHiand M U R A Y A M A , 1 9 7 0 ) . However these works are dealing 
with the seasonal changes, and the distribution of proteolitic enzyme activity in dif-
ferent organs of fishes ( S A U E R B I E R and M E Y E R , 1 9 7 8 ) and their kinetic properties 
( J Ó N Á S e t a l . , 1 9 8 0 ) . 
So far there was not focused research work investigating the effect of environ-
mental pollution on the digestive enzymes of fishes. 
The aim of our work was to carry out studies regarding the effect of different 
environmental pollutant on the proteolitic enzymes in fish species with different nut-
ritional habits. 
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Materials and Methods 
Common carp (Cyprinus carpioL.) silver carp (Hypophlhalmichlhys molilrix K . ; and wells (Silu-
rusglanis L.J of 350—40()g were obtained f rom Fisheries Research Institute in Szarvas and held as it 
was published before (NEMCS6K et al, 1980). Due to the Hungarian data, in permanent metal and 
pesticide polluted water, these chemicals might accumulate in different fish organs (muscle, fatty 
tissue) up to 10 ppm. Regarding this fact the treatment was carried out with 10 ppm paraquat 
(l,l '-dimethyl-4,4'-bipiridilium) CuSO, and ZnCl, respectively. The length of exposition was 2 hours . 
T h e d e t e r m i n a t i o n of p r o t e o l i t i c e n z y m e a c t i v i t y 
The alimentary canals of fishes were removed and homogenized in 0,1 M pH 7,5 cold (5 °C) 
phosphate buffer in 5 ml/g dilution. The homogenate was centrifuged at 3000 g for 30 minutes. The 
supernatant was used as crude extract. 
Total activity was determined by the method of ANSON and KUNITZ on denaturated haemo-
globin substrate. Activity was calculated on the basis of the tyrosine content of peptides produced in 
1 minute by proteolysis in the T C A supernatant . I i M tyrosine was taken as unit. The reaction mix-
ture consisted of 0,9 ml substrate solution in 0,1 M phosphale buffer at pH 7,9, and 0,1 ml crude 
extract. Digestion was stopped with TCA at O, 5th and 15th minutes. 
After standing for 10 minutes, theprecipitate was removed by centrifugation. T h e extinction 
was measured at 280 nm. For the evaluation of data tyrosine calibration curve was used. T h e data 
was given in percent of the controls. 
Results and discussion 
T h e e f f e c t of p a r a q u a t on t h e p r o t e o l i t i c e n z y m e a c t i v i t y 
Paraquat has markedly decreased the proteolytic enzyme activity in all fishes 
(Fig. 1). The decrease of activity was at 1 ppm 10—20% and at 10 ppm 60—70%. 
These changes were about similar in each fish species. 
At the highest paraquat concentration — which effected for 10—15 minutes only, 
because fishes were died within this time — there was not any changes in fishes re-
garding the proteolitic enzyme activity. 
T h e e f f e c t o f C u S 0 4 a n d Z n C l 2 on t h e p r o t e o l y t i c e n z y m e a c t i v i t y 
CuS0 4 has decreased the proteolytic enzyme activity in all investigated fishes 
already at 1 ppm. 
The most significant decrease can be seen in wells (25%) and in carp (15%). There 
was only a slight change in silver carp (5%). 
At 10 ppm CuS0 4 there was a remarkable decrease also in wells. However at 
this concentration the proteolitic enzyme activity decreased markedly (50%) in carp 
and silver carp as well (Fig. 2). 100 ppm ZnClz — which is 10 times higher comparing 
to the highest CuS0 4 concentration used during our treatment — caused only 20— 
30% decrease of the activity. Comparatively this degree of decrease was about the 
same at 100 times lesser CuS0 4 concentration. 
Due to our results the proteolitic anzyme activity after the paraquat , CuS0 4 and 
ZnCl2 treatment has changed differently. 
Paraquat caused the most significant decrease, and after ZnCI2 treatment there 
was only a shight change regarding the proteolitic anzyme activity in all investigated 
fish species. 
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Fig. 1. The effect of 1, 10 and 100 ppm paraquat on the proteolitic enzyme activity of carp, silver 
carp and wells. Water temperature 2 0 + 1 °C. The values are the average of 3—9 fishes and 
expressed in the percent of the control ones. Exposition time 2 hours, except at 100 ppm 
paraquat (10—15 min.). 
R E I C H E N B A C H — K L I N K E ( 1 9 7 2 ) reported 2 0 — 3 5 % decrease of proteolytic enzyme 
activity in trout after 0 , 1 — 0 , 5 ppm C u S 0 4 . In our experiments such changes could be 
registered at higher (10 ppm) C u S 0 4 concentration only. 
The reason of this two different data might be due to the sensitivity of different 
fish species and the different exposure to CuS0 4 pollution. 
We have found that the C u 2 + reduced the proteolytic activity of these fish species. 
Though it is known that the C u 2 + ions accelerate the oxidation of SH-groups of pro-
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teins, in our cases the inhibiting effect of this metal ion may be taken as a secondary 
effect followed by the changes in metabolic provesses after C u 2 + treatment of fishes 
rather than a direct action on the active centre of these enzymes, because as it was 
shown earlier (J6NAS et al., 1980) these enzymes were not SH-type proteases. 
ZnCl j up to 10 ppm has not changed significantly the proteolitic enzyme activity 
in investigated fishes. 
Presumably ZnCl2 is not toxic for this enzyme in this concentration range. It 
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Fig. 2. T h e effect of 0 ,1 ,1 and 10 p p m C u S O , (left) and 1 , 1 0 , 1 0 0 p p m ZnCI , (right) on the proteol i t ic 
enzyme activity of carp , silver ca rp and wells. 
T H E EFFECT OF PESTICIDES O N T H E PROTEOLITIC ENZYME ACTIVITY O F FISHES 7 
( M O L N A R and S Z A K O L C Z A Y , 1 9 7 3 ) . It was observed as well, that Zn was able inhibi-
ing or decreasing the toxic effect of other metals ( F I N E L L I and E L - G A Z Z A R , 1 9 7 7 ) . 
According to our findings, paraquat and C u S 0 4 damaged seriously the normal 
functions of proteolitic enzymes even at low concentration so they might have adverse 
effect on the developing and gowth of fishes. Therefore the using up of these chemicals 
should be restricted to that fields of agriculture which can be found far f rom the lakes 
and rivers. 
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